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PHOTODETECTOR WITH THREE TRANSISTORS 

/ 

/ 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to the fabrication of monolithic photodetectors or 
image sensors intended for being used in image pick up devices such as, for example, 
cameras, camcorders, digital microscopes, or digital photographic cameras. More 
specifically, the present invention relates to image sensors based on semiconductors 
including a single storage and photodetection element. 

2. Discussion of the Related Art 

Fig. 1 illustrates the simplified diagram of such an image sensor. Those skilled in 
the art should understand that a real device includes a plurality or array of such sensors. 
An elementary sensor includes, interconnected in series between a high supply rail Vdd 
and a low reference or ground supply rail GND, an N-channel MOS precharge transistor 
Ml and a photodiode D. I designates the junction node of photodiode D and of precharge 
transistor Ml. 

The sensor also includes two N-channel MOS transistors M2 and M3, in series 
between high power supply Vdd and an input terminal P of an electronic data processing 
circuit (not shown). M2 designates hereafter that of the two transistors having a 
source/drain terminal connected to high supply Vdd. Transistor M3, having a terminal 
connected to terminal P, forms a read transistor. The gate of transistor M2 is connected to 
node I. The gate of precharge transistor Ml can receive a precharge signal Rs. The gate 
of read transistor M3 can receive a read control signal Rd. 

Figs. 2A, 2B, and 2C illustrate, by timing diagrams, the variation along time, 
respectively, of precharge control signal Rs, of read control signal Rd, and of the voltage 
level of node I. 

It will be considered hereafter that transistors Ml and M3 are on when their gate 
signal is high (1) and that they are off when this signal is low (0). 

An operating cycle of the sensor starts with maintaining in the off state read 
transistor M3, as illustrated by the low state (0) of read signal Rd in Fig. 2B. Conversely, 
precharge transistor Ml is on, as indicated by the high state (1) of precharge signal Rs in 
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Fig. 2A. In this state, node I charges to a maximum voltage Vmax which substantially 
corresponds to value Vdd of the high power supply. 

A time tl at which the precharge state is reached on node I is considered. The 
precharge control signal is then brought down to its low level, and precharge transistor 
Ml turns off. From this time tl, node I discharges more or less rapidly according to the 
lighting of photodiode D. 

At a time t2, while precharge transistor Ml is still off, a reading of the cell state is 
performed by briefly turning on read transistor M3. For this purpose, as illustrated in Fig. 
2B, a read signal Rd in the high state is applied on its gate for a short time interval 5t 
centered on time t2. The output level transmitted on terminal P depends on the charge 
state of the gate of transistor M2, that is, on the voltage at node I and thus on the charge 
stored at this node. Output P is applied to the input of an electronic processing circuit 
which provides an indication of the lighting of photodiode D between times tl and t2. 

Fig. 3 illustrates, in a partial simplified cross-section view, a monolithic forming 
of the assembly of a photodiode D and of precharge transistor Ml of Fig. 1. These 
elements are formed in a semiconductor substrate 1 of a first conductivity type, for 
example, of type P, which is lightly doped (P-). This substrate for example corresponds 
to an epitaxial layer on a P-type silicon wafer (not shown). The active area is delimited 
by field insulating layers 2, for example made of silicon oxide (SiC>2), and corresponds 
either to a portion of substrate 1, or to a well 3 of the same conductivity type as 
underlying substrate 1 , but more heavily doped. Above the surface of well 3 is formed an 
insulated gate structure 4 possibly provided with lateral spacers 5. On either side of gate 
4, at the surface of well 3, are located heavily-doped source and drain regions 6 and 7 of 
the opposite conductivity type, for example, N (N+). Source region 6 is formed on a 
much larger surface area than drain region 7 and forms with underlying substrate 3 the 
junction of photodiode D. Gate 4, source 6, and drain 7 are integral with metallizations 
(not shown) that make contact between these regions and precharge control signal Rs, the 
gate of transistor M2 (node I), and high power supply Vdd, respectively. The structure is 
generally completed by a heavily-doped P-type region (not shown), which enables 
connecting, to the reference or ground voltage, substrate 1 and well 3. 

Fig. 4 illustrates in full lines the voltage levels of the various regions of Fig. 3 just 
after the precharge: regions 6 and 7 are at the precharge voltage, well 3 is grounded. 
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Voltage VR of region 6 just before a reading while photons have irradiated this region 
has been shown in dotted lines. The precharge voltage depends on the biasing of 
precharge transistor Ml, that is, on the level of signal Rs applied on its gate. If transistor 
Ml is in ohmic operation (very high Rs), regions 6 and 7 are precharged to voltage Vdd. 
If transistor Ml is in low-inversion operation, the voltages of regions 6 and 7 align on the 
level of the channel of transistor Ml . 

A disadvantage of this type of structure is that the maximum voltage of region 6 
after the precharge is poorly defined. Indeed, a precharge noise signal having a voltage 
value given by relation V=kTC, where k is the Boltzman constant, T is temperature, and 
C is the capacitance of this diode, corresponds to the diode capacitance. This noise must 
be taken into account by the electronic processing circuit upon evaluation of the output 
state. Indeed, to be able to determine the voltage decrease due to an irradiation, the value 
at time t2 (Fig. 2) must be compared to the maximum precharge value. This precharge 
level being unknown, correlated double-sampling methods which require sampling the 
maximum value at the end of the precharge have to be implemented. More complex 
electronic systems must be provided to be able to perform a sampling at the end of the 
precharge. The data thus obtained must also be stored. It is then necessary to have an 
additional memory of same size as the total array of the image pick up device, which 
results in a significant bulk which limits the device miniaturization. Further, the 
associated electronic processings are relatively long. 


Summary Of The Invention 

The present invention thus aims at providing a novel elementary cell which 
enables reducing the processing time. 

The present invention also aims at providing such a cell which enables reducing 
the bulk. 

To achieve these and other objects, the present invention provides a photodetector 
made in monolithic form, of the type including a photodiode, a precharge MOS 
transistor, a control MOS transistor, and a read MOS transistor, the photodiode and the 
precharge transistor being formed in a same substrate of a first conductivity type, the 
photodiode including a first region of the second conductivity type formed under a 
second region of the first conductivity type, more heavily doped than the substrate, and 
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under a third region of the second conductivity type, more heavily doped than the first 
region, the second and third regions being separate, the first region forming the source 
region of the second conductivity type of the precharge MOS transistor, the second and 
third regions being connected, respectively, to a fixed voltage and to the gate of the 
control transistor. 

According to an embodiment of the present invention, the photodetector further 
includes a well of the first conductivity type, more heavily doped than the substrate, in 
which the first region is formed. 

According to an embodiment of the present invention, the first conductivity type 
is type P and the second conductivity type is type N. 

According to an embodiment of the present invention, the substrate, the well, and 
the second region are maintained at a low reference voltage of the circuit. 

The foregoing objects, features and advantages of the present invention will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1 is a schematic diagram of an image sensor; 

Figs. 2A, 2B, and 2C are timing diagrams which illustrate the state of different 
signals during an operating cycle of the cell of Fig. 1 ; 

Fig. 3 is a partial simplified cross-section view of a portion of Fig. 1 made in a 
known monolithic form; 

Fig. 4 illustrates voltage levels in the structure of Fig. 3; 

Fig. 5 is a simplified partial cross-section view of a portion of the circuit of Fig. 1 
made in another known monolithic form; 

Fig. 6 illustrates voltage levels in the structure of Fig. 5; 

Fig. 7 illustrates in a partial simplified cross-section view the forming of a portion 
of the circuit of Fig. 1 according to an embodiment of the present invention; and 
Fig. 8 illustrates voltage levels in the structure of Fig. 7. 

Detailed Description 

Same elements have been designated with the same references in the different 
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drawings and, further, as usual in the representation of integrated circuits, Figs. 3, 5, and 
7 are not drawn to scale. 

It has already been provided, for example, in US patent No. 6,051,447, which is 
incorporated herein by reference, to replace the conventional photodiode such as 
previously described in relation with Fig. 3 by a photodiode of "completely depleted" 
type. 

Fig. 5 illustrates, in a partial simplified cross-section view, a structure of the 
monolithic implementation of the series association of such a photodiode and of a 
precharge transistor. 

Precharge transistor Ml and completely depleted photodiode D are formed in a 
lightly-doped semiconductor substrate 21 of a first conductivity type, for example, type P 
(P-). More specifically, transistor Ml and photodiode D are formed in an active region 
delimited by field insulation areas 22, for example, silicon oxide. This active area 
corresponds either to a portion of substrate 21, or to a P-type well 23 formed from the 
surface of substrate 21, but more heavily doped and relatively deep. At the surface of 
well 23, to the right of Fig. 5, source and drain regions 26 and 27 of precharge transistor 
Ml have been formed on either side of an insulated gate structure 24 possibly provided 
with lateral spacers 25. Source 26 and drain 27 are heavily-doped regions of a 
conductivity type opposite to that of substrate 21, for example, N (N+). Gate 24, source 
region 26, and drain region 27 are solid with metallizations (not shown), which are 
respectively connected to a precharge control circuit which provides precharge signal Rs, 
to the gate of transistor M2, that is, node I, and to high power supply Vdd. 

In the left-hand portion of Fig. 5 is formed an N-type doped region 28, which 
extends to substrate 21 and is in contact with source region 26. Region 28 is less heavily 
doped than source 26. 

Region 28, outside of its contact with source 26, is covered with a P-type region 
30, heavily doped, also in contact with substrate 21 via well 23. Substrate 21 is 
permanently connected to a low reference supply or circuit ground. Accordingly, during 
the entire operation of the device, well 23 and region 30 are also maintained at the 
reference voltage of the circuit. 

Typically, region 30 of a thickness of 0.1 (im includes boron in a concentration of 
5.10 18 atoms/cm 3 , while region 28 of a 0.3 jam thickness includes phosphorus in a 
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concentration of 10 18 atoms/cm 3 . 

During the precharge, transistor Ml is on and the charges photogenerated in 
cathode region 28 of the photodiode evacuate via source region 26 to drain region 27. 
Since anode 30 of the diode is heavily doped and region 28 is relatively thin, the space 
charge area tends to extend across the entire thickness of region 28, which is completely 
depleted. The junction capacitance seen from node I is null. Photodiode D behaves as a 
capacitor having a substantially null capacitance and, during the precharge, region 28 
self-biases to a voltage value Vs set only by the relative dopings of region 28 and of 
surface region 30. This voltage is thus theoretically no longer affected by supply noise. 

Fig. 6 illustrates the voltages in the different regions of Fig. 5., The same 
conditions as in Fig. 3 are considered. The behavior of well 23 and of source and drain 
regions 26 and 27 is not modified. In region 28, the voltage of the photodiode is at most 
Vs, which is a fixed precharge value, smaller than the value of high power supply Vdd. 

A disadvantage of this structure is the potential difference between source region 
26 and cathode region 28 of the photodiode. Indeed, after the precharge step, during a 
lighting, the storage of the photogenerated charges starts in the region having the highest 
voltage, that is, in source region 26, before taking place in cathode region 28. In the 
subsequent reading, as illustrated in Fig. 7E of the above-mentioned Kodak patent, 
everything occurs, as seen from node I, as if two successive capacitances would 
discharge. Then, there is a non-linearity of the gate control signal of control transistor 
M2. This non-linearity of the control signal translates as a non-linearity of the output 
signal provided to input terminal P of the processing circuit. In the case of color sensors, 
the restitution of the different colors is shifted, which makes a direct display impossible. 
In the case of black and white sensors, the contrast is particularly low. 

Further, as previously, source region 26 is affected by a variable precharge noise 
having a voltage value provided by the preceding relation V=kTC. 

These stray capacitance effects are further enhanced due to the metallization of 
connection of region 26 to node I. 

The present invention thus aims at providing a novel structure which enables 
overcoming the above-described disadvantages. 

Fig. 7 illustrates, in a partial simplified cross-section view, a monolithic forming 
of a photodiode according to the present invention associated with a precharge transistor. 
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Precharge transistor Ml (Fig. 1) and photodiode D according to the present 
invention are made in a lightly-doped semiconductor substrate 3 1 of a first conductivity 
type, for example, type P (P-). More specifically, transistor Ml and photodiode D are 
formed in an active region delimited by field insulating regions 32, for example, silicon 
oxide (Si02). This active area corresponds either to a portion of substrate 1, or to a P- 
type well 33 formed from the surface of substrate 31, but more heavily doped and 
relatively deep. At the surface of well 33, to the right of Fig. 7, source and drain regions 
36 and 27 of precharge transistor Ml have been formed on either side of an insulated- 
gate structure 34 (gate of transistor Ml), possibly provided with lateral spacers 35. 
Source 36 and drain 27 are regions having a conductivity type opposite to that of 
substrate 31, for example, N. Drain 27, shown to the right of gate 34, is heavily doped 
(N+) and is integral with a metallization not shown, connected to high supply Vdd. Gate 
34 is integral with another metallization not shown, connected to a precharge control 
circuit which provides precharge signal Rs. Source 36 of transistor Ml, shown to the left 
of gate 34, is a more lightly-doped region, deeper and having a much larger surface area 
than drain 27. Source 36 forms the cathode of photodiode D. Photodiode D is of 
completely depleted type and region 36 includes a P -type surface region 37, shallow and 
heavily doped (P+). Region 37 is connected, outside of the shown region, to reference 
supply GND. Source 36 also includes a second surface region 38 separate from region 
37. Region 38 is doped of the same conductivity type as region 36, for example N, but 
more heavily (N+). Region 38 is only intended for ensuring a strongly conductive contact 
with a metallization (not shown) enabling connection of source 36 to node I. Region 38 
is formed apart from the channel region of precharge transistor Ml, underlying gate 34 
thereof. The dimensions of region 38 can accordingly be reduced to the bare 
lithographically possible minimum. Region 38 thus has dimensions clearly reduced with 
respect to drain region 27. 

In precharge operation, or at the end of a read operation, region 36 and region 38 
altogether uniformly self-bias to the quiescent value or depletion voltage Vs of 
photodiode D. 

Such a depletion voltage Vs is perfectly defined by the sole manufacturing 
conditions of the component and remains perfectly stable in operation. Accordingly, the 
value reached at the end of each precharge is perfectly stabilized. Previously-described 
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precharge noise kTC is thus advantageously eliminated. 

This enables simplifying the electronic data processing. Indeed, the precharge 
value of the source of transistor Ml being perfectly stabilized, it is no longer necessary to 
compare the read state to a stored value at the end of the precharge, to perform a double 
correlation. This reduces the processing time and thus increases the possible pick up 
frequency. 

An advantage further is that it is no longer necessary to have an array for storing 
the intermediary data. The system bulk is thus reduced. This enables reducing the 
dimensions of the general device or increasing the dimensions of the measurement array 
on a long-term basis. An increase in dimensions enables increasing the device 
responsiveness. 

Of course, the present invention is likely to have various alterations, 
modifications, and improvements which will readily occur to those skilled in the art. In 
particular, those skilled in the art will know how to adjust the doping levels and types to 
the desired performances and to the materials used according to the constraints of a 
specific manufacturing technology. 

Such alterations, modifications, and improvements are intended to be part of this 
disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to 
be limiting. The present invention is limited only as defined in the following claims and 
the equivalents thereto. 

What is claimed is: 


